Two mutants of Bacillus subtilis temperature-sensitive in RNA synthesis were isolated. One mutation (rna-20) was demonstrated to be an allele of a previously identified gene (Riva et al., 1976) . The other mutation (ma-16) identified a different gene and was mapped near aroI. The ma-16 mutation at the permissive temperature affected the spore outgrowth process. Purified RNA polymerase from rna-16 did not show any temperature sensitivity or structural defect . Isolation of mutants temperature-sensitive in RNA synthesis may offer an additional tool for identifying genes involved in the regulation of gene expression and in understanding regulatory mechanisms. We have previously described a temperature-sensitive mutant of B. subtilis affected in the regulation of RNA synthesis (Riva et a/., 1976) . This paper describes the characterization of a new mutant temperature-sensitive in RNA synthesis. 
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I N T R O D U C T I O N
Different programmes of gene expression in bacteria and in phage-infected cells are based on the interaction of the RNA polymerase with regulatory factors or through the modification of its own structure. This regulation is particularly evident in Bacillus subtilis cells during sporulation (Losick et al., 1970; Brevet, 1976; Losick & Pero, 1976) . RNA polymerase present in vegetative cells undergoes, during sporulation, changes in subunit composition and template specificity. Analysis of messenger RNA molecules in sporulating cells shows striking differences with respect to those found in vegetative cells (Di Cioccio & Strauss, 1973; Sumida-Yasumoto & Doi, 1974) . At present, little is known of the factors involved in the control of RNA synthesis. Identification of the genes coding for the / j and p' structural subunits of RNA polymerase has been possible using specific antibiotics (Harford & Sueoka, 1970; Haworth & Brown, 1973; Sonenshein et al., 1974 Sonenshein et al., , 1977 Halling et al., 1978) .
Isolation of mutants temperature-sensitive in RNA synthesis may offer an additional tool for identifying genes involved in the regulation of gene expression and in understanding regulatory mechanisms. We have previously described a temperature-sensitive mutant of B. subtilis affected in the regulation of RNA synthesis (Riva et a/., 1976) . This paper describes the characterization of a new mutant temperature-sensitive in RNA synthesis.
METHODS
Bacterial strains. Bacillus subtilis strains used were : PB202 hisB2 trpC2 tyrAI aroB2 (SB202, J. Lederberg); PB1652 (ys-3 metSl0 trpC2 (BR151, F. Young); PB1654 trpC2 hisAl cysB3 (SB3, E. Nester); PB1715 metB5 daf aroZ906 sacA321 (QB820, J. A. Lepesant).
Isolation ofmutants. Temperature-sensitive mutants were obtained from strain PB202 following treatment with N-methyl-N'-nitro-N-nitrosoguanidine (Adelberg et al., 1965) . After washing, the mutagen-treated culture was dispensed in tubes with NB and incubated with shaking at 28°C overnight. Portions of these cultures were stored under liquid nitrogen. Temperature-sensitive mutants were isolated from these cultures 0022-1287/80/oooO-9325 $02.00 $3 1980 SGM by the replica-plating method on agar plates, testing for growth at permissive (35 "C) and restrictive temperatures (47 "C). To avoid sibling selection each mutant was obtained from independently mutagenized cultures. The ma-16 and mu-2U mutations were transferred by DNA congression into strain PB1652 in order to avoid the study of mutants with multiple defects, as are often produced after nitrosoguanidine treatment (Guerola et al., 1971) . Selection was made for Lys+ transformants which were then scored for the presence of the temperature-sensitive phenotype. In these constructed strains the temperature sensitivity in RNA synthesis was confirmed.
Media. The minimal medium of Davis & Mingioli (1950) supplemented by the appropriate amino acid requirements (25 pg ml-l) was used for selection of transformants and transductants. Penassay broth (antibiotic medium no. 3, Difco) containing 0-5 % (w/v) glucose (PY) was used for RNAsynthesis determinations. Nutrient broth (Difco) containing 0.5 % (w/v) glucose (NB) was used for spore germination.
R N A synthesis. An overnight culture in PY grown at 30°C was diluted in the same medium to an ABao of 0.1 and incubated at 35°C. The rate of RNA synthesis was determined by 2 min pulse-labelling with [3H]-uridine as described by Albertini & Galizzi (1975) . At an Adao of 0.2 to 0.4, part of the culture was shifted to 47 "C and the rate of RNA synthesis was measured at both temperatures. 
RESULTS

Isolation of mutants temperature-sensitive in RNA synthesis
A total of 139 temperature-sensitive mutants unable to grow at the restrictive temperature (47 "C) on nutrient agar plates were obtained from mutagen-treated cultures of strain PB202. The ability of the vegetative cells, in the exponential phase of growth, to synthesize RNA after a shift to the restrictive temperature was followed by [3H]uridine pulse-label incorporation. Seven mutants showed a sharp decrease in the rate of uridine incorporation at 47 "C. Five of these mutants were not directly affected in RNA synthesis since at the restrictive temperature there was a rapid decrease in the Asso of the culture and in the induction of phage PBSX. The two remaining mutants, ma-16 and ma-20, were specifically temperature-sensitive in RNA synthesis ; DNA synthesis and protein synthesis were not affected until later. Results for the rna-16 mutant are shown in Fig. 1 (a) ; the rna-20 mutant behaved in a similar manner.
Genetic mapping The rna-16 and rna-20 mutations were mapped by PBSl transduction using the temperature-sensitive mutants as donors in crosses with a set of recipient strains. Prototrophic recombinants for a given nutritional marker were selected and scored for ts phenotype. The rna-20 mutation was found to be linked to hisA and cysB in the order cysB hisA ma-20 (Table 1 ). In the same chromosomal region we have previously located another temperaturesensitive mutant (Riva et al., 1976) affecting RNA synthesis (ma-53). The mutations ma-20 and ma-53 were probably alleles of the same gene since the recombination index between the two markers was 0-02.
The ma-16 mutation was closely linked to aroI ( Table 1) . Several other temperaturesensitive mutants, tscB, F, G, H (Galizzi et al., 19763) , have been located in the same region. These mutants probably belong to different, closely linked genes since RNA synthesis in these strains was not affected at the restrictive temperature. 
35-2 Short communication
Spore germination in ma-16 mutant The ma-16 mutation did not affect spore formation at the permissive temperature. However, spores of this mutant showed an altered pattern of germination. Outgrowth at the permissive temperature was delayed with respect to the parental strain (Fig. l b ) or to a revertant derivative (ma-16 ts+) (results not shown). This result was not due to a general defect in the growth rate, since in the exponential phase of growth the mutant had the same mean germination time as the parental strain. The possibility of an indirect effect due to the presence of a fraction of non-germinating spores was ruled out.
In vitro assay with purified RNA polymerase RNA polymerase holoenzyme was purified from the wild-type and the ma-16 mutant. The structure of the two enzymes was analysed by SDS gel electrophoresis; in both cases the enzymes separated into four major bands with molecular weights of 155 000, 145 000, 53000 and 44000, suggesting an identical structure (p, p', 2a, c) . The RNA polymerase holoenzymes purified from the parental strain and ma-16 mutant showed the same thermal stability in vitro as judged by the kinetics of inactivation at 47 "C (performed as described by Galizzi et al., 1976~).
DISCUSSION
Among 139 temperature-sensitive mutants of B. subtilis produced by independent mutagenic treatments, we have identified two mutants in which the rate of RNA synthesis decreases sharply after a shift to 47 "C. One mutation (ma-20) was demonstrated by genetic analysis to be an allele of a previously identified gene affecting RNA synthesis (Riva et al., 1976) . The other mutation (ma-16) identifies a different gene involved in the control of RNA synthesis which mapped near the arol marker. At the permissive temperature of 35 "C the ma-16 mutation affects the spore outgrowth process but not vegetative growth, suggesting that the altered gene product could be involved in the regulation of spore outgrowth.
Purified RNA polymerase from the mutant strain (ma-16) appears to have neither a different structure nor greater heat lability compared with the enzyme purified from the parental strain. In contrast to DNA synthesis, where several different genes have been described and located on the genetic map (dna mutants), the identification of the proteins involved in RNA synthesis and in the regulation of transcription is at present unsatisfactory. The in vitro RNA polymerase assay may be unable to detect structural alterations of the enzyme or RNA polymerase factors may be removed from the core structure during the purification procedures (Fukuda et al., 1975) . The use of a well-defined DNA template to test the transcribing ability of RNA polymerase (Jaehning et al., 1979 ) may offer additional information on the purified enzyme from RNA mutants. The mutants described here could be useful in the study of the functions involved in the regulation of RNA synthesis.
